I. Introduction
===============

Over time after tooth extraction, the length and width of the alveolar ridge are inevitably reduced; this causes the lack of vertical and horizontal bones, one of the difficult problems to address during the placement of implant. In particular, the maxillary anterior is very important aesthetically, and the amount of soft and hard tissues should be sufficient for predictable aesthetics. The posterior also needs enough amount of bone to make prosthesis of the appropriate size and with desirable implant-crown ratio. Therefore, alveolar ridge augmentation has become a common surgery option when implant is placed in a defective area of the alveolar bone, and many methods and materials for this operation have been studied[@B1]-[@B4]. For restoration in case of bone defect, autogenous bone is known as the material with the most excellent osteogenetic effect and is biocompatible. Still, the amount of collected bone is limited, and the donor site also requires additional surgery. Moreover, allogenic bone and xenogenic bone are very expensive, and there is risk of infection. On the other hand, alloplastic material does not have osteogenesis and osteoinduction at all. To remedy such shortcomings, new bone graft material using extracted autogenous tooth (AutoBT; Korea Tooth Bank, Seoul, Korea) has been developed and is being used[@B5],[@B6]. In this study, we reported the successful clinical result that we obtained from alveolar ridge augmentation and implant placement using the recently developed autogenous tooth bone graft material in the edentulous area characterized by highly insufficient vertical and horizontal bones.

II. Materials and Methods
=========================

This study targeted patients who had vertical or horizontal ridge augmentation using AutoBT from March 2009 to April 2010. It was conducted with the approval of Seoul National University Bundang Hospital\'s institutional review board (IRB No. B-0905-076-010).

Inclusion criteria

Knife-edge ridge in the anterior and posterior areasCase wherein the height of the residual bone to the sinus floor and inferior alveolar canal is insufficient in the area of implant placementPatient who is mentally healthy or whose systemic disease is controlledPatient who has a tooth to be extracted for AutoBT treatmentPatient who received instruction on the purpose of the clinical study and gave his/her consent

Exclusion criteria

Patient who has had bone graft in the surgery areaPatient who has had radiation therapyPatient who has sinus disease history or symptomsPatient who has acute infection

1. Treatment procedure
----------------------

One oral and maxillofacial surgeon performed surgery in Seoul National University Bundang Hospital. According to the status of the surgical site, horizontal or vertical ridge augmentation and ridge splitting accompanying guided bone regeneration (GBR) were performed. Based on the size of the defect, the use of mixture with other bone graft material, the use of barrier, and the need for sinus elevation were decided. The operator decided at the time of surgery on simultaneous or delayed implant placement. All implants were placed using a two-stage procedure. After 2-8 months\' (average: 4.4 months) healing period, a second surgery was performed. Prosthetic restoration was performed by one prosthodontist.

2. Clinical evaluation
----------------------

We evaluated the age and gender of the subject patients, implant stability, adjunctive surgery, additional bone graft material and barrier membrane, post-operative complication, implant survival rate, and crestal bone loss. The primary and secondary stabilities of the implant were measured using Osstell Mentor (Integration Diagnostics, Goteborg, Sweden).

3. Radiographic evaluation of crestal bone loss
-----------------------------------------------

Based on the radiograph taken right after the surgery, the amount of crestal bone resorption was measured by comparing with the periapical radiograph taken at 1-year follow-up period after prosthetic delivery. Based on the length of the placed implants, the magnification rate of the periapical radiograph was evaluated; for the amount of alveolar crest bone resorption, the average amount of mesial and distal crestal bone resorption was measured.

III. Results
============

We manufactured 29 teeth extracted from a total of 9 patients (males: 7, females: 2) in the form of AutoBT powder or block, performed vertical and horizontal ridge augmentation, and then placed implants.([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}) A total of 26 implants were placed, and both AutoBT block and powder were used in 11 areas. Powder type only was used in 13 areas, and block type only, in 2 areas. The average age of the patients was 49.88±12.98 years (minimum: 24, maximum: 67). For systemic diseases, one patient was a smoker who had liver disease (controlled); another patient was also a smoker, and one had a history of mental illness. The average healing period after the surgery was 4.40±1.68 months, and the average observation period after the surgery was 35.00±5.31 months. The average loading period after the installation of prosthesis was 30.81±5.81 months. According to the judgment of the operator, 9 implants were placed on 3 patients simultaneously with ridge augmentation; 17 implants were placed on 6 patients after a healing period of 6.06±3.52 months. A total of 24 implants were placed on the maxilla, with 2 implants placed on the mandible. In the 9 areas with major defects, allobone (DBX; Synthes, Westchester, PA, USA/Allograft), xenobone (Bio-Oss; Osteohealth, Shirley, NY, USA), and synthetic bone (Osteon; Genoss, Suwon, Korea) were used together; in the rest of the areas, only AutoBT was used. Membranes were used in all cases except one, with titanium mesh, resorbable membrane (BioGide; Osteohealth/Ossix; OraPharma, Warminster, PA, US), or non-resorbable membrane (TR Goretex; W.L. Gore & Associates, Flagstaff, AZ, USA) utilized depending on the case. The average primary stability of the placed implants was implant stability quotient (ISQ) 62 (52-86), and the average secondary stability was ISQ 72 (63-85). For post-operative complications, there was one case wherein wound dehiscence developed and another that resulted in hematoma. For the treatment of wound dehiscence, chlorhexidine gluconate gargle and medication were administered; to treat hematoma, pressure dressing was performed. As a result, patients were all successfully treated with conservative care.([Table 1](#T1){ref-type="table"}) One implant placed on the \#46 of a 44-year-old male patient after vertical augmentation was removed since it showed mobility 9 months after implant prosthesis. Therefore, the total implant survival rate was 96%. On the area where the implant was removed, another implant was placed again after a three-month healing period, and it functioned successfully after one year of prosthesis. Marginal bone loss after one year of prosthesis was stable at 0.12±0.19 mm on the average.

IV. Discussion
==============

Since the lack of alveolar bone is one of the most prevalent and difficult problems to address in implant surgery, many methods have been developed and used. In the past, autogenous onlay bone graft was mainly used for the improvement of horizontally and vertically shrunken alveolar ridge. Note, however, that it needed additional surgery on the donor site, and predicting the result was difficult since bone resorption varied according to the collection area[@B5]. Recently, the trend of research reports on the selection of standard treatment for knife-edge ridge has been changing slightly[@B7],[@B8]. Simion et al.[@B3] performed vertical bone augmentation with demineralized freeze-dried bone or autogenous bone chip and non-resorbable membrane and reported a good result after 1-5 years\' follow-up. Another paper reported that horizontal bone augmentation with the mixture of autoge nous bone and xenobone covered with resorbable membrane resulted in 4.6 mm bone gain. Another paper reported 3.6 mm bone gain when only xenobone was used in horizontal bone augmentation[@B7]. Yet another report stated that vertical bone augmentation using xenobone block type on 9 patients yielded a successful clinical result, and that new bone formation was observed as a result of the histological analysis[@B9]. Considering the successful results observed after treatment using graft material and membrane, alveolar ridge augmentation using GBR is considered stable surgery. Thus, the graft material effect and surgical technique of the operator become even more important.

The autogenous tooth bone graft material used in this study was developed in 2008 and has been applied clinically since then. *In vitro* and animal studies have proven it to be a biocompatible material with osteoinductive and osteoconductive potential[@B10]-[@B16]. Kim et al.[@B6] reported that the mineral composition, surface structure, and healing procedure of autogenous tooth bone graft material affected excellent bone healing through guided bone and bone conduction in the scanning electron microscope analysis and histomorphometric research. According to this study, relatively fast and high amount of lamellated bone formation was observed, including bone regeneration in the healing process of autogenous tooth bone graft material. Stabler bone structure had been formed, and noticeable bone formation had been observed after 5 months as a result of the histological analysis[@B6]. Through a variety of clinical research studies and case reports, clinical evidences supporting the use of autogenous tooth bone graft material were secured[@B14]-[@B25].

According to Kim et al.[@B18], both powder type and block type showed excellent result in socket preservation and good bone healing effect in cases wherein autogenous tooth bone graft material was used in socket preservation and bone reconstruction. They also presented a case of guided bone regeneration using autogenous tooth bone graft material in the posterior mandible and reported that the graft material had been slowly absorbed and replaced by new bone. The study also showed that the new bone and residual graft material had formed a direct union in the histological analysis of the graft area[@B19].

Another paper reported that autogenous tooth bone graft material was highly resistant to infection, and that favorable secondary healing was observed at the wound dehiscence site. Moreover, its biocompatibility was reported to be excellent since there was no foreign body reaction such as infection for over 2 years\' follow-up after the bone graft[@B24]. Stable marginal bone status around the implant placed in the bone graft area with AutoBT had been reported as well[@B25].

In this study, vertical or horizontal bone augmentation using AutoBT was performed on 9 patients. There were no complications related to bone graft material, such as infection; wound dehiscence also showed good secondary healing. Although one implant was removed in one patient after nine months of prosthesis due to osseointegration failure, such was deemed to be due to smoking and immoderate mastication by the patient. Since the downward bone status was good, the replacement of implant was completed with successful prosthesis.

This study had limits because evaluations before and after alveolar ridge augmentation had not been conducted. The number of cases was also small, and the observation period was short. Moreover, comparison between the result of ridge augmentation with other typical bone graft material and tooth bone graft material had not been done. Long-term observation research studies that can supplement the results of this study will be necessary. Within the limits of this study, however, AutoBT is considered to be useful in hard tissue reconstructive surgery such as guided bone regeneration, sinus bone graft, and ridge augmentation.

V. Conclusion
=============

As a result of performing ridge augmentation using autogenous tooth bone graft material, successful bone healing was observed, and marginal bone around the fixture after implant placement was kept stable as well.

A successful clinical result can be expected with the proper use of AutoBT block and powder type during bone augmentation even in an area with serious alveolar bone resorption, aside from bone defect around the implant.
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Summary of case 1
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(M: male, F: female, RA: ridge augmentation, GBR: guided bone regeneration, WD: wound dehiscence)

AutoBT: Korea Tooth Bank (Seoul, Korea).
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Summary of case 2
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CMI: Neobiotec (Seoul, Korea), Osseospeed: Dentsply Implants (Mölndal, Sweden), TS III/GS III: Osstem Implant Co. (Busan, Korea), Superline: Dentium (Suwon, Korea).
